The Chamoli earthquake (M6.8) of 29 th March 1999 in Himalayan region is one of the recent devastating earthquakes that has killed more than a few hundred lives and caused damage in the vicinity of Chamoli and Gopeshwar districts of Gharwal Himalayan region. A wide band (8192 -0.008 Hz) magnetotelluric (MT) study has been carried out in the epicentral zone after the earthquake during May-June, 1999 to understand the processes related to tectonic activity. A total of 23 sites were occupied passing through the epicenter along NE-SW and E-W oriented profiles passing through the epicenter. In the present study, the results obtained along NE-SW profile are presented. The deeper electrical structure shows a north-eastward dipping electrical conductor (50 -100 Ωm) and correlates well with the regional tectonics of the region. Interestingly, the concentration of hypocenters is located at the transition zone of resistor (brittle) and conductor (ductile) at depths of around 10 -15 km. These results are discussed with reference to the seismotectonics of the region.
Introduction
The Himalayas, the highest mountain chain in the world (Molnar and Chen, 1983 [1]; Nakata, 1989 [2] ; Demets et al., 1990 [3] ; Bilham et al., 1998 [4] ) is believed to have been formed due to continent collision of the Indian and Eurasian plates. Because of the intense tectonic activity, the entire region has experienced major earthquakes. It is reported that fourteen major earthquakes with ≥7.5 magnitude occurred during the period 1897-1992 (Gupta et al., 1995a [5] ; Kayal et al., 2001 [6] ). The regions of Garhwal and Kumaun have experienced a large earthquake during May, 1803 and are reported to have caused severe damages to the property and also about 80% percent of the population in the area vanished under the debris (Raturi, 1988 [7] ). While such is the tectonic activity in the region, the recent earthquakes in the Garhwal Himalayan region-one near Uttarkashi during 1991 and the recent Chamoli 1999-have killed more than a few hundred lives. This has demanded to probe the region to understand the processes related to tectonic activity. Towards this direction magnetotelluric (Valdiya, 1980 [8] , Kareemunnisa Begum, S, 2003 [9] .
It is believed that part of the Indian crust was cracked off during the process Figure 1 . Location map of MT sites over a geological map of Chamoli earthquake epicentral zone. of underthrusting of Indian plate beneath the Tibetan plate. This has resulted in crustal thickening and also the development of shallow basins filled with tertiaries (Lefort, 1975 [10] [14] ). In the context, geophysical studies can play an important role in understanding the deep crustal properties. It is known that the electrical conductivity parameter of the crust depends on the fluid content, pore and permeability distribution in the rocks and also the petrological properties (Marquis and Hyndman, 1992 [15] ; Yardley and Valley, 1997 [16] ). Given such processes can exist in the Himalayas, it is appropriate to study the deep electrical structure of the crust and its bearing on tectonics using one of the well known techniques namely the magnetotellurics.
Main Central Thrust (MCT) defined by Valdiya (1980 [8] ) is the boundary between the high grade metamorphic rocks of Vaikrita group and low grade metamorphic rocks of Almora group. This thrust is a major tectonic boundary and traceable all along the Himalayan region. It is demarcated as a zone of ductile shearing and thrusting dipping about 30˚ northward, manifested as abrupt change in structures and grade of metamorphism (Gansser, 1964 [17] ). Lower boundary of MCT zone is the Munsiari thrust and most of the epicentres in the lesser Himalaya are concentrated near this thrust (Ni and Barazangi, 1984 [18] ).
The well mapped faults-Alakananda fault near Karnaprayag and the Gopeshwar fault are extending NNW-SSE direction from Nandaprayag to Gopeshwar are prominent in the region (Valdiya, 1980 [8] ). Detailed geophysical studies carried out in this region to understand the subsurface structure are very few (Valdiya, 1980 [24] ). One of the main objectives of the present study is to find any relation between electrical conductivity and seismic activity.
At few places elsewhere in the world, a few seismically active regions are associated with anomalous conductivity. In India also earlier study by Gupta et al., 1996 [34] have established the presence of anomalous conductivity near Latur epicentral zone. Accordingly I would like to see such anomalous structures exist in this region or not. The Global Positioning System (GPS) studies have provided three fundamental constraints concerning the tectonic frame work of the Indian plate: its overall stability (<0.01 µ strain/yr), its velocity with respect to Asia (58 ± 4 mm/yr at N44˚E) and its rate of collision with southern Tibet (20.5 ± 4 mm/yr) (Bilham et al., 1998 [4] ). The present MT study is an attempt in that direction to map the deep geoelectric structures. In the present study I report the results of magnetotelluric technique cross the thrust and faults of Himalayas near MCT.
Data Acquisition
Subsequent to Chamoli earthquake of March 29, 1999 magnetotelluric study was taken up during May-June 1999 using GMS 05 system of M/s Metronix, Ger-many, a wide band digital system to understand the subsurface geoelectric structure. A total number of 23 sites were occupied covering Karnaprayag, Nandaprayag, Chamoli, Pipalkoti, Joshimath areas and also along Gopeshwar-Pokhri, Chamoli-Mandal roads. Inaccessibility due to hills and proximity of electric power lines from many small scale hydropower plants are some of the factors laid restrictions to occupy more number of sites.
In MT method magnetic and electric field variations have been measured using induction coils and non-polarizing Cd-CdCl 2 electrodes respectively. The data were acquired in four different frequency bands in 8192-0.008 Hz range.
High frequency signals provide information at shallow depths, whereas the low frequency signals probe the earth to deeper levels. The analysis of time varying magnetic and electric signals provides MT impedance tensor elements.
Data Analysis and Inversion
Impedance tensor elements have been computed using robust analysis proce- and also from Mohr circle analysis (Lilley, 1974 [28] ; Lilley, 1976 [29] ; Lilley, 1993a [30] , 1993b [31] ). As an example, the dimensionality parameters (Kao & Orr, 1982 [27] for a site S7 is presented (Figure 3 ). 1D, 2D and 3D factors shown in this Figure 3 is the component of each factor at the location. For example, if 1D has highest value, then it can be said that the earth below consists of horizontal layers.
The data were inverted using rapid relaxation inversion (RRI) technique 
Results and Discussion
Electrical conductivity variation in the crust can be due to various factors such as the presence of fluids pore distribution and also petrological characteristics of malous conductive feature and the high resistive structure. Based on this important observation, an attempt has been made in the present study to find a relation between aftershock activity and electrical conductivity. This exercise has been carried out along two profiles A-A1 and B-B1 ( Figure 9 ) and the data have been analysed statistically and presented as histogram in Figure 11 and Figure   12 . It can be seen that the occurrence of aftershock activity is near zero for high resistive formation. This is true for high conductive formation also. However, concentration of seismic activity can be seen at places where the structure is moderately conductive. This is an indication that concentration of seismic activity is near the transition zone because high resistive rocks are in general can be more brittle and conductive rocks are more ductile in nature.
The hypocenters are located from 5 to 18 km and with more density between 12 to 15 km as shown in Figure 9 . From structural map of the region the NW-SE oriented Gopeshwar fault also located near the site S3. From such a correlation it can be conjectured that probably the Gopeshwar fault might have been reactivated and triggered the Chamoli earthquake.
Conclusions
1) The 2-D geoelectric section derived along Gaucher-Joshimath profile has clearly established the presence of a mid-lower crustal conductor and gave a clinching evidence for dipping signature, this is an indication for probable existence of a major tectonic feature in the region.
2) Concentration of seismic activity is observed (Mandal et al., 2001 [40] ) adjacent to the anomalous geoelectric structures and located near the junction of Gopeshwar fault and thrust zones as discussed in Figure 8 and Figure 9 .
3) The location of hypocenters are neither in the anomalous conductive feature near the stations S3 and S7 nor within the high resistive feature but at the junction of the resistor and conductor ( Figure 9 ) from this observation one can conclude that hypocenters are located in the ductile-brittle transition zone. This observation has been derived based on the analysis of the data of electrical conductivity and aftershock activity. It is also observed that the concentration of hypocenters is located just above the deeper dipping conductive feature ( Figure 9 ). 4) From our study, it is observed that electrical conductivity and seismic activity has a relation. This is clear that the more cluster of seismic activity is occur-ring close the anomalous conductivity structure. This means the area of anomalous conductivity is a weak zone and thus more seismic activity is reflected in the region.
5) The main direct application of the paper is to avoid large construction activity close to the anomalous conductivity as more seismic activity may occur.
Another application is that one need to avoid concentration of large human settlements nearer to the location.
